Enhanced understanding of the climate impact on crops' production is necessary to cope with expected climate variability and change. This study was conducted to find any robust association between crop yield and evapotranspiration using historical data (1986)(1987)(1988)(1989)(1990)(1991)(1992)(1993)(1994)(1995)(1996)(1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005) and subsequently employ the acquired relationship to project crop yield under future climate conditions for two agricultural centers in northeast Iran. Three legume crops of chickpea, lentil, and bean were selected in this study. The future precipitation and temperature data were projected by downscaling outputs of global climate model HadCM3 (A2 scenario) by LARS-WG stochastic weather generator. The data were downscaled for the baseline and two time periods (2011-2030 and 2080-2099) as near and far future conditions. Projected temperature under A2 scenario showed increasing trend changed from 4 to 26% during the legumes' growth period compared to baseline. In addition, projected annual precipitation change was between À14 and 10% range under different time periods in contrast to baseline. There was a nonlinear relationship between crop yields and the seasonal values of crop evapotranspiration for all crops. The results showed that seasonal evapotranspiration would increase under climate change conditions across study locations. Crop yield would also increase for chickpea but not for lentil and bean for the far future in Sabzevar location compared to baseline. In conclusion, increasing the temperature and decreasing the precipitation may have a negative effect on legumes' yield in northeast Iran, especially for far future conditions. Therefore, planning effective adaptation and mitigation strategies would be necessary for northeast Iran.
INTRODUCTION
Food security is a very critical issue especially in semi-arid conditions with expected climate change in the future.
Crop evapotranspiration (ET c ) is also a remarkable factor in determination of crop production. It seems that increasing the temperature and decreasing the precipitation under future climate change conditions may significantly influence the ET c (Sayari et al. ) . Furthermore, there is a nonlinear relationship between ET c and crop yield (Zhang et al. ) . climate change impacts on food production and showed that total water demand will increase by 20% and 18% for 2020
and 2040, respectively, in China. Lobell & Anser () found the relationship between climatic data trend (temperature, precipitation, and solar radiation) and yields of corn and soybean in the USA for the period of 1988-1998.
They found a 17% decrease in yield of both crops for each degree Celsius increase in temperature.
The main objectives of this study were: (1) the realization of projected climatic parameters under A2 scenario;
(2) to compute the seasonal ET c by Penman-Monteith model for baseline 
MATERIALS AND METHODS

Study area and data
where ET o is the reference evapotranspiration (mm d À1 ), Δ is the slope of the vapor pressure curve, R n is net radiation
, γ is the psychrometric constant, T is the mean daily air temperature at 2 m height, μ 2 is the wind speed at 2 m height, e s is the saturated vapor pressure, and Then, R s was calculated using the following equation:
where Alt is the altitude (m) and K Rs is an empirical coefficient set at 0.16 (Hargreaves & Samani ) . T max and T min are the maximum and minimum daily temperature, respectively. Clear-sky solar radiation (R so ) was calculated by the following equation (Allen et al. ) :
where z is the station elevation above sea level (m). In addition, net shortwave radiation (R ns ) was obtained by the following formula (Allen et al. ):
in which α is the albedo or the canopy reflection coefficient, which is 0.23 for the hypothetical grass reference crop. Net longwave radiation (R nl ), which is the rate of longwave energy emission, is proportional to the absolute temperature of the surface raised to the fourth power, calculated as follows (Allen et al. ):
where σ is the Stefan-Boltzmann constant (4.903 × 10 À9 MJ
and finally, net radiation at the surface (R n ) obtained by the differences between R ns and R nl .
Vapor pressure deficit (e s -e a )
Calculation of vapor pressure deficit (VPD) was based on estimates of the differences between the average daily satu- 
):
Crop evapotranspiration ET c was calculated from the computed ET o and crop coefficient (K c ).
Crop development can be classified into four stages as ) for selected legume crops depending upon the stage of growth and adjusting by the following equations:
where K cmid(tab) and K cend(tab) are the tabulated values for K cmid and K cend , respectively, in Table 12 
where P i and O i indicate the simulated and observed data, respectively, O is the mean of observed data, and n is the number of observations. Finally, ET c values were computed for climate projections for all study crops and both locations.
Yield estimation
Second order polynomial function was used for relating the crop yield to ET c to estimation of crops yield as empirical model. 
RESULTS
Models' performance
Climate model (Figure 2 ).
Yield estimation model
The second order polynomial function showed a significant 
Future climatic conditions
The results of climate model projections showed the different trends in precipitation and mean temperature change under near (2011-2030) and far (2080-2099) future conditions (Figure 4 ). Annual precipitation sum values will increase by 10% and 13% in Mashhad (monthly range: À9 to þ37%) and Sabzevar (monthly range: À1 to þ49%) locations, respectively, under near future conditions compared to baseline (Figure 4(a) ).
However, annual precipitation sum values showed a À14% decrease for both Mashhad (monthly range: À47 to þ14%) and Sabzevar (monthly range: À53 to þ22%) locations in contrast to baseline under far future conditions (Figure 4(a) ).
Climate projections showed an increasing trend in mean temperature under all time periods and in both locations (Figure 4(b) ). Annual mean temperature will slightly increase (þ5%) in Mashhad (monthly range: þ4 to þ36%) and Sabzevar (monthly range: þ4 to þ18%) locations under near future conditions compared to baseline (Figure 4(b) ). On the other hand, annual mean temperature trend indicated a sharp increase under far future conditions in both locations (þ26%) compared to baseline (Figure 4(b) ). 
Bean
There was no remarkable change between projected bean yield and ET c for both study locations during near future conditions ( Figure 5(c) ). Nevertheless, the projected yield did not show the same trend in the study locations. Projected yield of beans showed a minor increase (þ4%) Legumes' water production function showed a nonlinear trend in the study region. Based on the fitted functions for legume crops, increasing the ET c enhances the crops' yield until an ET c threshold; however, the crops' yield showed a levelling-off trend beyond this threshold. It seems that increasing the ET c values to more than the threshold declined the yield, especially under far future conditions in Sabzevar, which is drier and warmer than Mashhad.
In addition, the results of our study showed that cumulat- 
